Background. Immunoglobulin A nephropathy (IgAN) is the most common form of glomerulonephritis, and a substantial number of patients succumb to end-stage renal disease (ESRD). However, prediction of the renal outcome in individual patients remains difficult. We have already published a scoring system using the data in a prospective cohort of IgAN patients followed up from 1995 to 2002. Methods. The cohort was further followed up until 2005 in 97 clinical units in Japan. The data from 2283 patients were analysed by Cox regression to determine the predictors of ESRD in IgAN, and their β-coefficients were converted into scores to estimate ESRD risk within 10 years. Results. During the follow-up (median, 87 months), 252 patients developed ESRD. Male sex, age less than 30 years, family histories of chronic renal failure and chronic glomerulonephritis, hypertension, proteinuria, mild haematuria, hypoalbuminaemia, low glomerular filtration rate and a high histological grade at initial renal biopsy were associated with the risk of ESRD in the multivariable analysis. A scoring system was framed to estimate the 10-year ESRD risk using eight variables significant in both univariable and multivariable models. This prognostic score accurately classified patients by risk: patients with estimates of 0-4.9, 5.0-19.9, 20.0-49.9 and 50.0-100% had an observed incidence of 1.7, 8.3, 36.7 and 85.5%, respectively. The corresponding area under the receiver-operating characteristic curve was 0.942 (95% confidence interval, 0.925-0.958). Conclusion. This validated scoring system to quantitatively estimate ESRD risk during the 10-year follow-up of IgAN patients will serve as a useful prognostic tool in clinical practice.
Introduction
Immunoglobulin A nephropathy (IgAN) was described as a new clinical entity in 1968 by Berger and Hinglais [1] , and is now the most common cause of idiopathic glomerulonephritis [2] [3] [4] . Long-term outcomes and prognostic factors of patients with IgAN have been evaluated in many studies. Although this disorder is thought to follow a benign course, many patients are at a risk of at least slow progression. Furthermore, end-stage renal disease (ESRD) developed in ∼15% of cases within 10 years [5] .
Several tools have been available to estimate the renal prognosis using various clinical and pathological factors [6] [7] [8] [9] . However, one was based on a relatively small size cohort [6] , another used surrogate endpoints such as an increase in serum creatinine [7] and the others did not provide quantitative estimates of the ESRD risks [8, 9] .
We earlier proposed a valid scoring system to quantitatively predict renal outcomes based on the 7-year follow-up data involving more than 2000 patients with biopsy-proven IgAN [10] . However, renal function deteriorates so slowly in the early stage of IgAN that the longer the follow-up period, the more useful in the clinical settings is the constructed prediction model [7] . We, therefore, extended the follow-up of this cohort for 3 more years and refined the scoring system to predict renal outcomes at 10 years.
Methods
The details of the methods used here were described in our earlier 7-year follow-up study [10] . Briefly, 2450 patients with biopsy-proven IgAN from 97 clinical units were followed up from 1995 when a nationwide survey on IgAN was jointly conducted by the two research committees for the specified intractable diseases organized by the Japanese Government. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ by-nc/2.5/uk/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Cellular infiltration is slight in the interstitium except around some sclerosed glomeruli. Tubular atrophy is slight, and mild vascular sclerosis is observed. Glomerulosclerosis crescent formation or adhesion to Bowman's capsule seen in 10-30% of all biopsied glomeruli. IV Severe, diffuse mesangial cell proliferation and increased matrix.
Interstitial cellular infiltration and tubular atrophy, as well as fibrosis are seen. Hyperplasia or degeneration may be seen in some intrarenal arteriolar walls. Glomerulosclerosis, crescent formation or adhesion to Bowman's capsule seen in >30% of all biopsied glomeruli. When sites of sclerosis are totalled and converted to global sclerosis, the sclerosis rate is >50% of all glomeruli. Some glomeruli also show compensatory hypertrophy. The sclerosis rate is the most important of these indices.
and diastolic blood pressure, urine protein and blood, serum total protein and albumin and serum creatinine. Proteinuria was semiquantified with a standard urine dipstick with (−), (±), (+), (++) and (+++) corresponding to <10, 10-29, 30-99, 100-299 and ≥300 mg/dL of urine albumin, respectively. For estimation of the glomerular filtration rate (GFR), the estimation equation for Japanese patients with chronic kidney disease was applied [11] . This equation calculates the GFR from serum creatinine, age and gender. Histological grade at initial renal biopsy was assessed using the criteria from the joint committee of one of the aforementioned governmental research committees and the Japanese Society of Nephrology (Table 1 ) [12] . Information on therapy was collected in 1997, 2 years after the beginning of the follow-up.
Statistical methods
The study endpoint was ESRD defined as the initiation of chronic haemodialysis. Since there was little influence of competing risks in the current study, the complement of a Kaplan-Meier survival estimate was referred to as the 10-year cumulative incidence (risk) of ESRD [13] . Hazard ratios of potential prognostic factors were estimated using the Cox proportional hazards regression model. The independent effect of each variable was assessed by multivariable analysis. Systolic or diastolic blood pressure and serum total protein or albumin were included in the multivariable model because of their close relationship with each other. Akaike's Information Criterion (AIC) and the Bayesian Information Criterion (BIC) were used to select the most appropriate covariance structure.
Development of the scoring system
A scoring system to predict ESRD in individual patients with IgAN was composed based on the proportional hazards model including the significant variables in the aforementioned multivariable analysis. To enhance parsimony, only variables that possessed significant univariate relationships with ESRD were included in the final scoring system [14] . To generate a simple integer-based point score for each predictor variable, scores were given by multiplying the β-coefficient by 10 and rounding up or down to the nearest integer. The overall risk score for each patient was calculated by summing the scores of all components. The baseline survivor function was estimated by the Kaplan-Meier product-limit estimate.
Evaluation of the scoring system
To examine the goodness of fit of the scoring system to the data, we divided the patients into four groups according to the predicted 10-year risk of ESRD, that is, low (0-4.9%), moderate (5.0-19.9%), high (20.0-49.9%) and very high (50.0-100%). The renal survival curve of ESRD was then drawn in each group using the Kaplan-Meier method. To further assess the utility of the score, we used the area under the receiver-operating characteristic (ROC) curve for the 10-year risk of ESRD. The area and its 95% confidence interval (CI) were estimated by the nonparametric method.
As an additional analysis, one-third of the participants were randomly allocated to a validation sample and the remainder to a derivation sample. The prognostic score was developed in the derivation sample, and the actual 10-year cumulative incidence of ESRD was computed by the predicted risk in the validation sample. The area under the ROC curve was also estimated in the validation group. Considering the sampling error, we repeated this procedure in 100 different validation sets.
Statistical analyses were performed using the Stata 10.1 software (Stata Corporation, College Station, TX, USA). All tests of significance were two-tailed, and P-values <0.05 were considered statistically significant. This investigation was approved by the Ethics Committee of Kyoto University Graduate School of Medicine and the Ethics Committee of the Juntendo University School of Medicine.
Results

Participants' demographic and clinical characteristics
Out of the 2450 patients tracked from 1995, 165 patients with unknown outcomes and 2 patients with erroneous baseline serum creatinine levels were excluded, leaving 2283 patients in the current analysis. The median age of the included patients at baseline was 32.1 years [interquartile range (IQR), 20.7-46.9], and 51.3% were women. During the follow-up of 14 975 person-years [median follow-up period, 87 months (IQR, 42-122)], 252 patients (11.0%) developed ESRD. The renal survival rate at 10 years was 85.0% (95% CI, 83.1-86.7). Twenty-one deaths without ESRD were also reported: six from circulatory diseases, six from neoplasms, two from other causes and seven from unknown causes. By 1997, 34.5%, 10.6% and 28.2% of the patients had received corticosteroids, immunosuppressive agents and angiotensin-converting enzyme inhibitors (ACEi), respectively. Table 2 summarizes the 10-year cumulative incidence of ESRD by demographic and clinical factors and their hazard 
Multivariable analysis and development of the scoring system
Results of the multivariable analysis for the risk of ESRD by factors are summarized in Table 3 . Family histories of chronic renal failure and chronic glomerulonephritis were significant factors for predicting renal outcome in the multivariable model. Instead, initial manifestation of macrohaematuria and earlier renal biopsy were no longer significant. Male sex, higher systolic blood pressure, more severe proteinuria, mild haematuria, hypoalbuminaemia, lower GFR and higher histological grade were associated with the development of ESRD. Patients aged less than 30 years were at higher risk in the multivariable model, whereas an upward trend in the hazard ratio with advancing age was found in the univariate analysis. Based on these analyses, we composed a scoring system to estimate a 10-year risk of ESRD. Because the presence of family histories of chronic renal failure and chronic glomerulonephritis had no significant univariate relationships with ESRD and the area under the ROC curve of the model was rather smaller than that without these variables, they were removed from the final prediction scheme. Table 4 (a) lists the scores of individual prognostic factors. The sum of individual scores can then be converted into the corresponding estimated risk using those shown in 
Evaluation of the scoring system
The renal survival curves according to the estimated 10-year risk are shown in Figure 1 . The prognostic score successfully classified the patients by risk. Those with an Even when the prognostic scores were developed using derivation samples randomly selected from all participants, the estimated 10-year cumulative incidence of ESRD well predicted the observed ones in the remaining validation sample. The median values of observed 10-year incidence were 2.2% (IQR, 1.5-3.0%), 9.2% (7.4-11. 
Discussion
Based on a large-scale cohort study, we described the prognostic indicators for IgAN and developed a scoring system for estimating the ESRD risk within 10 years. Male sex, age less than 30 years, the presence of family histories of chronic renal failure and chronic glomerulonephritis, higher systolic blood pressure, more severe proteinuria, mild haematuria, hypoalbuminaemia, lower GFR and higher histological grade were related to the risk. The prognostic score comprising eight variables significant in both univariable and multivariable models successfully classified patients according to their ESRD risk, and the accuracy in predicting the ESRD was excellent.
We could establish a much simpler scoring system than the former one based on the 7-year follow-up data [10] by reducing the number of choices of each scoring item. Nevertheless, we did not compromise with the predictability; the areas under the ROC curve estimating ESRD risk rather increased by 0.003 from 0.939 (95% CI, 0.921-0.958) [10] .
Male sex was a significant risk factor for ESRD in the current model, whereas it made a favourable contribution in the former scoring. It would be attributable to the overestimation of the women's kidney function based only on serum creatinine in our previous analysis. We could estimate GFR more elaborately based on serum creatinine, as well as age and gender in the current analysis, which made our understanding of the relationships between each predictor much simpler. One of the reasons for the increase in the relative weight of the age variable in the current model compared to that in the previous one is also this overestimation of the baseline renal function among the older patients. Contrary to the age variable, the prognostic value of the histological grade at initial renal biopsy declined by extending the follow-up period.
We selected serum albumin in the current multivariable model, instead of serum total protein in the prior one, because both AIC and BIC of the model were substantially decreased by replacing serum total protein with serum albumin. This replacement seems rational from the pathophysiological viewpoint that glomerular proteinuria is mainly composed of albumin.
In the multivariable analysis, we found that the presence of family histories of chronic renal failure and chronic glomerulonephritis were associated with the development of ESRD. Several genetic factors are considered to be associated with the prognosis of IgAN. For example, some genes related to the renin-angiotensin system are suggested to have prognostical importance [15] [16] [17] . A report from China suggested an association between the polymorphism of the megsin gene, a kidney-specific serine protease inhibitor, and the progression of IgAN [18] . Furthermore, familial IgAN was reported to have a worse prognosis in an observational epidemiological study [19] . Nevertheless, the influences of genetic inheritance are still in controversy and have not reached a consensus [16, [20] [21] [22] .
In virtue of the current scoring system, clinicians can quantitatively estimate ESRD risks during 10 years of follow-up of IgAN patients by summing up only eight integers yielded from the routine clinico-pathological data. The validated, multivariable regression-based model should aid medical decision making about patients with biopsy-proved IgAN. Patients judged to be at higher risk can receive more frequent monitoring and more intensive treatment, whereas patients estimated to be at lower risk can be reassured and given less intensive care.
Given the nature of the observational design and the insufficient information regarding treatment, a clear evaluation of the influence of therapy is beyond the scope of the current analysis. Even though the optimal approach to the treatment of IgAN is uncertain, some strategies have been proved effective in reducing proteinuria and the rate of disease progression through the accumulation of evidence during the last decade. According to both observational studies [23, 24] and randomized trials [25] [26] [27] , ACEi and angiotensin II receptor blockers have a definite role in treating IgAN, particularly of the hypertensive and proteinuric forms. A review supports the use of corticosteroids and other immunosuppressive agents in reducing proteinuria or preventing progression to ESRD [28] . Increasing attention has been paid to the role of tonsillectomy for the long-term prognosis of IgAN [29, 30] . The estimated risk of ESRD by the current scoring system, therefore, might be attenuated for patients properly treated in the latter portion of the observation interval.
Some other potential limitations of the current analysis must be acknowledged. First, because the data on 24-h urinary protein excretion were not available for two-thirds of the patients and those on urinary creatinine were not collected, we had to assess proteinuria with simple dipstick urine test results. However, the semiquantified proteinuria was reproducible and considerably correlated with the 24-h urinary excretion of protein [10, 31] , and the predictability of the current scoring system was excellent. Feasibility in clinical settings would override theoretical propriety. From a pragmatic standpoint, clinicians should average or take the median of the results of several urinalyses when applying this scoring system. Second, the current scoring system was developed among Japanese patients, and the applicability of the results to other races was not verified. Another study adjusting for racial differences in serum creatinine, which was a main determinant of GFR in the estimation equation, would assure the generalizability of the current scoring system.
In summary, the present study revealed that male sex, age less than 30 years, family histories of chronic renal failure and chronic glomerulonephritis, hypertension, proteinuria, mild haematuria, hypoalbuminaemia, low GFR and advanced histological changes increased the risk of ESRD in IgAN patients. The ESRD prediction score based on a multivariable model was sufficiently valid and will serve as a useful tool for clinicians treating IgAN patients.
